Ulcerative colitis is a chronic inflammatory disease of the colon of unknown cause that is characterized by alternating intervals of active and inactive disease in 80-90% of patients. The primary goal of treatment is to induce and maintain remission using therapy tailored to the individual patient. The purpose of this review was to describe the management of ulcerative colitis with emphasis on the use of anti-tumor necrosis factor (TNF) agents.
INTRODUCTION
Ulcerative colitis is classically characterized by alternating stages of clinically active and inactive disease; a pattern seen in 80-90% of patients [1, 2] . According to population-based studies, an intermittent course of the disease occurs in 40-65% of patients after the first disease flare, whereas a continuous course of active disease may be seen in 5-10% of patients [3, 4] . Moreover, an analysis of 1161 patients with ulcerative colitis participating in a large population-based cohort study in Scandinavia showed that at the time of initial presentation of the disease, 71% of patients had moderate ulcerative colitis, 20% had mild ulcerative colitis and 9% had severe ulcerative colitis [5] . After 25 years, the cumulative probability of an intermittent disease course of ulcerative colitis was 90% [2] . The colectomy rates were 20 and 30% within 10 and 25 years of disease duration, respectively The treatment of ulcerative colitis is sequential and tailored to the individual patient, as there is no one universally effective medication. Available options include aminosalicylates, corticosteroids, immunosuppressive medications such as azathioprine, 6-mercaptopurine and antitumor necrosis factor a (TNF-a) antibodies.
KEY POINTS
Treatment of ulcerative colitis is sequential and tailored to the individual patient; there is not a single universally effective medication.
Therapy with oral 5-ASA might be initiated in patients with mild-to-moderate disease and if no response, a course of corticosteroids might be required.
Patients who respond to corticosteroids should be switched to AZA/6-mercaptopurine with subsequent gradual tapering of corticosteroids.
Infliximab, ADA or golimumab might be introduced in patients who do not respond to conventional treatment with corticosteroids and AZA/6-mercaptopurine. New Dose (ASCEND) I and ASCEND II trials indicate that the higher dose of Asacol was associated with significantly higher rates of mucosal healing at week 6 in moderate ulcerative colitis (80 vs. 68%, P ¼ 0.012) but not in mild ulcerative colitis (84 vs. 88%, P ¼ 0.765) when compared with lower dose [8] . Mucosal healing was also strongly associated with clinical response to therapy and quality of life at the end of both trials [8] . Data from the ASCEND III trial suggested that patients with moderately active ulcerative colitis who previously were treated with multiple ulcerative colitis medications (P ¼ 0.01), corticosteroids (P ¼ 0.05), oral mesalamine (P ¼ 0.07) or rectal therapies (P ¼ 0.06) may benefit from higher Asacol dose [9] . There was a suggestion that addition of rectal mesalamine for 4 to 8-week treatment with oral mesalamine 4 g daily may result in greater remission rates when compared with 8-week immunotherapy with oral mesalamine (64 vs. 43%, P ¼ 0.03) [10] , and patients treated with combination therapy have higher concentrations of 5-ASA in the distal colonic mucosa [11, 12] . Overall, 5-ASA formulations were generally welltolerated and common adverse events included headache, nausea, abdominal pain or cramping, nasopharyngitis or symptoms of upper respiratory infection, rash, anorexia or loss of appetite, flatulence or gas, dizziness and fever [7 & ]. A recently published Cochrane meta-analysis analyzed the data from 38 RCTs (8127 patients) of parallel design comparing the efficacy and safety of oral 5-ASA vs. placebo, SASP and other oral 5-ASA comparator in maintaining remission of ulcerative colitis [13 & ]. The minimum treatment duration was 6 months and the primary outcome was failure to maintain clinical or endoscopic remission [13 & ]. 5-ASA was found to be superior to placebo in maintaining clinical or endoscopic remission with dosedependent effect [13 & ]. Overall, no difference in efficacy was observed in maintaining remission between once daily vs. twice or thrice daily 5-ASA dosing with exception of benefit effect of once daily vs. twice daily dosing of Pentasa [13 & ]. Patients adhere to both dosing regimens equally [13 & ]. The maintenance efficacy increased with daily dose only for balsalazide 4 vs. 2 g and Salofalk granules 3 vs. 1.5 g [13 & ]. Of note, Asacol 2.4 daily vs. 1.2 g daily was associated with longer duration of remission with a mean number of days in remission of 175 vs. 129, respectively (P < 0.001) [14] .
Common adverse events included flatulence, abdominal pain, nausea, diarrhea, headache, dyspepsia and nasopharyngitis. It was suggested that there may be a bias favoring SASP because of the fact that the majority of trials included patients with known tolerance to SASP thus potentially minimizing SASP-related adverse events [13 & ]. It is generally recommended to initiate induction treatment with SASP and change to 5-ASA in case of intolerance, as oral 5-ASA formulations are more expensive than SASP.
It remains uncertain whether combination therapy with oral and rectal 5-ASA has any therapeutic advantage over immunotherapy with oral 5-ASA and more data are needed to make any definitive recommendation. Maintenance therapy with SASP should be advocated because of statistically significant superiority over 5-ASA formulations [13 & ]. However, it should be also noted that the safety profile of SASP might be biased because of inclusion of patients with known tolerance to this agent. Male infertility has been associated with SASP but not with 5-ASA; thus, in patients concerned about fertility, the preferred agent would be 5-ASA.
SYSTEMIC CORTICOSTEROIDS
Conventional corticosteroids (e.g. prednisone) should be introduced in patients who do not have adequate response within 10-14 days to oral and topical 5-ASA formulations or in clinical scenarios when rapid improvement needs to be achieved [15] .
Over the years, treatment with oral corticosteroids (prednisone) has been shown to be the most effective in inducing remission within an average of 7-14 days when given at a daily dose of 40-60 mg [16] [17] [18] .
In spite of the lack of randomized trials evaluating the steroid taper schedules, the general consensus calls for tapering 5-10 mg weekly after achieving remission until a dose of 20 mg is reached [18] and then below a dose of 20 mg 2.5-5.0 mg per week. [18] . In the hospital settings, treatment of severe ulcerative colitis flare ups requires the use of intravenous steroids such as methylprednisolone 60 mg/day or hydrocortisone 300 mg/day. The natural history of therapy with oral prednisone (40-60 mg daily) or intravenous corticosteroids with tapering over 3-6 months was evaluated in a population-based, inception cohort study from Olmsted County, Minnesota, USA [19] . Within the first month of therapy, it was noted that 54% of patients with ulcerative colitis were in complete remission, 30% were in partial remission and 16% did not respond to the treatment [19] . There was an evidence of prolonged outcome over 1-year period with prolonged response rate of 49%, steroid dependency rate of 22% and a colectomy rate of 29% [19] . Treatment with intravenous corticosteroids for 5-14 days resulted in response rates in 45-80% of patients [20] [21] [22] [23] .
The overall efficacy of glucocorticosteroids in active disease was evaluated in a recent metaanalysis of five RCTs comparing the efficacy of glucocorticosteroids with placebo [24 & ].
Remission rates with active treatment in individual trials varied from 13 to 80% and the likelihood of not achieving remission was significantly lower with glucocorticosteroids [relative risk (RR) 0.65, 95% confidence interval (CI) 0.45-0.93], with a number needed to treat of 3. In addition, there was evidence of adverse events of glucocorticosteroids such as infections, weight gain, hyperglycemia, acne, hirsutism and hypertension. Bone loss occurs within the first 6 months of treatment and warrants supplementation with calcium and vitamin D.
Systemic corticosteroids are not effective as therapy for maintenance of remission in ulcerative colitis and therefore should not be recommended for maintenance therapy. Their efficacy was either comparable to that of placebo [25, 26] or the rate of corticosteroids related adverse events was higher than that of placebo despite superiority in maintaining remission [27] .
In view of the significant side-effect profile associated with the use of systemic corticosteroids, there have been trials of treatment with oral budesonide, a corticosteroid with high topical activity and much lower profile of adverse events. An initial Cochrane meta-analysis of RCTs of oral budesonide in inducing clinical remission of ulcerative colitis determined that treatment with this agent had significantly lower efficacy than oral mesalamine (RR ¼ 0.72, 95% CI 0.57-0.91) given for 8 weeks and was equally effective to placebo (RR ¼ 1.41, 95% CI 0.59-3.39) given for 4 weeks [28] . Since then, colonic release of budesonide (budesonide MMX) has been introduced and recently evaluated in the randomized double-blind double-dummy placebo controlled CORE I trial of 509 patients [29 & ]. Based on this trial, once-daily oral budesonide MMX was determined to be well tolerated and more effective than placebo in inducing remission in patients with active mild-to-moderate ulcerative colitis and the rates of remission at week 8 among subjects given budesonide MMX or mesalamine were 19.9% and 12.1%, respectively compared with 7.5% placebo. Furthermore, in the randomized Core II study, budesonide MMX 9 mg provided a statistically significant increase in the combined clinical and endoscopic remission rate compared with placebo (17.5 vs. 4.5%;
These results are important and demonstrate that budesonide MMX is an effective therapy for achieving remission in patients with mild-to-moderate ulcerative colitis.
AZATHIOPRINE AND 6-MERCAPTOPURINE
The guidelines by the American Gastroenterological Association from 2006 and the American College of Gastroenterology from 2010 recommend the use of immunomodulators such as azathioprine (AZA) or 6-mercaptopurine in patients with severe flares of ulcerative colitis requiring treatment with corticosteroids or another course of corticosteroids within a year as well as in moderately active ulcerative colitis not responsive to oral corticosteroids and not requiring intravenous therapy with corticosteroids [15, 18] . The recommended daily dose of AZA is 2-3 mg/kg and of 6-mercaptopurine is 1-1.5 mg/kg [18] .
The metabolism of AZA/6-mercaptopurine depends on two enzymes including thiopurine methyl transferase (TPMT) that catalyzes formation of inactive metabolite of 6-mercaptopurine, namely 6-methylmercaptopurine (6-MMP) [31] and hypoxanthine phosphoribosyltransferase that participate in the conversion of AZA/6-mercaptopurine into active metabolites, 6-thioguanine nucleotides (6-TGN) [31] . The low activity of TPMT is associated with increased levels of 6-TGN that increase risk of bone marrow toxicity [32] . In addition, increased levels of 6-MMP may be associated with the development of hepatotoxicity (6-MMP >5700 pmol/8 Â 10 8 ) [32] . Based on a meta-analysis of 12 studies, patients with 6-TGN levels above 230-260 pmol/8 Â 10 8 are three times more likely to be in clinical remission when compared with individuals with 6-TGN levels below these levels [pooled odds ratio (OR) ¼ 3.3; 95% CI 1.7-6.3; P < 0.001] [31] .
Treatment with AZA alone has not been demonstrated to be efficacious in inducing remission of an ulcerative colitis flare. No benefit of AZA (2.5 mg/kg/day) added to oral corticosteroids therapy in treating active disease was noted in a small double-blind trial in which remission rates after 1 month were comparable between patients receiving AZA with corticosteroids and those receiving corticosteroids with placebo (78 vs. 68%, P ¼ ns) [33] . Another small double-blind trial observed significant improvement in clinical and endoscopy findings after 3-month treatment with AZA at the daily dose of 2.5 mg/kg among patients with active proctocolitis, its efficacy was comparable with sulfasalazine with improvements rates of 60 and 80%, respectively (P < 0.10) [34] .
It was determined in placebo [35, 36] or 5-ASA [37] controlled studies that AZA has an effect on corticosteroids sparing in patients with corticosteroid-dependent ulcerative colitis. Corticosteroid dependence has been defined as a relapse of disease within 30 days after discontinuation of corticosteroids or during reduction of corticosteroids dose that precludes corticosteroids discontinuation for more than 1 year [38] . Therapy with AZA with a daily dose ranging from 1.5 to 2.5 mg/kg for up to 6 months allowed for reduction in dose of corticosteroids or discontinuation of corticosteroids without relapse of the disease [35] [36] [37] . Maintenance immunotherapy of corticosteroid-dependent ulcerative colitis with AZA was found to be equally efficacious to combination therapy with AZA and 5-ASA with relapse rates after 2 years of treatment of 19 and 18%, respectively, in a randomized, observer-blind trial [39] . Data from a prospective open-label observational trial of the cohort of 42 patients with corticosteroid-dependent ulcerative colitis have suggested that AZA given at a daily dose of 2-3 mg/kg allows for up to 3-year constant effective maintenance of remission without corticosteroids [40] . The rates of sustained corticosteroid-free remission were the largest among patients with a duration of ulcerative colitis less than 3 years prior to AZA therapy with OR of 3.12 (95% CI 1.89-7.64) [40] .
Furthermore, a Cochrane meta-analysis updated in 2012 determined that therapy with AZA for at least 12 months is superior to placebo with a significantly lower risk of failure to maintain remission (RR ¼ 0.68; 95% CI 0.54-0.86) [41 & ]. AZA or 6-mercaptopurine may be effective as maintenance therapy for patients who have failed or cannot tolerate mesalamine or SASP and for patients who require repeated courses of steroids. However, more research is needed to evaluate superiority over standard maintenance therapy, especially in the light of a potential for adverse events with the use of AZA. Based on pooled data, treatment with these agents (AZA/6-mercaptopurine) was associated with nearly three-fold increased risk of any adverse event (RR ¼ 2.82; 95% CI 0.99-8.01) when compared with AZA/6-mercaptopurine-nonexposed individuals with significant bone marrow suppression (4%) and acute pancreatitis (2%) being the most frequent [41 & ]. Indefinite continuation of treatment with AZA/6-mercaptopurine is associated with a potential risk of developing lymphoma. According to the meta-analysis by Kandiel et al. [42] , there is a four-fold increased risk of lymphoma (RR ¼ 4.18; 95% CI 2.07-7.51) in patients with inflammatory bowel disease treated with AZA/6-mercaptopurine. This might have been because of AZA/6-mercaptopurine's effect, severity of IBD or combination of both factors [42] . The meta-analysis of three population-based studies [43] [44] [45] determined that the overall incidence of hepatosplenic T-cell lymphoma (HSTCL) was 1.32 cases per 100 000 person-years with a number needed to harm of 1 : 75 488 patients per year [46] .
Discontinuation of thiopurine therapy reduced the risk of lymphoma. Thiopurines remain a mainstay therapy for steroid-dependent ulcerative colitis patients. Other options include the use of anti-TNF therapy with agents such as infliximab, adalimumab (ADA) and golimumab. However, all measures need to be undertaken to reduce the potential risk of treatments including careful selection of patients including avoiding treatment in certain populations at high risk such as older patients (because of the higher risk of lymphoma in patients over 65 years), assessment of TMPT genotype or enzyme activity before initiation of therapy with AZA/6-mercaptopurine (in order to identify individuals with low activity of this enzyme who might be particularly of increased risk for developing AZA/6-mercaptopurine-induced toxicity) with weight-based dose adjustment and careful laboratory monitoring [47 & ].
CYCLOSPORINE
Treatment with intravenous cyclosporine A has been reserved as a second-line (rescue) therapy in patients presenting with severe and corticosteroid-refractory ulcerative colitis. Alternatively, the use of anti-TNF therapy with infliximab has been also advocated in this clinical scenario. Both treatments aim at avoiding surgery and are considered to be equivalent in clinical cases of severe ulcerative colitis with the lack of response to 7 to 10-day treatment with high-dose oral or intravenous corticosteroids. No difference was found between infliximab and cyclosporine in colectomy rates after 3 months (OR ¼ 0. A Cochrane meta-analysis of two double-blind RCTs [49, 50] revealed that intravenous cyclosporine given for up to 14 days (4 mg/kg/day) along with intravenous hydrocortisone was significantly more efficacious than treatment with placebo and intravenous hydrocortisone (failure to induce remission: RR of 0.18; 95% CI 0.05-0.64) in patients with severe ulcerative colitis who did not respond to an at least 7-day course of intravenous corticosteroids and had the same effectiveness given for up to 8 days as intravenous methylprednisolone (40 mg/day) (failure to induce remission: RR of 0.71; 95% CI 0.29-1.75) in patients with severe corticosteroid-refractory ulcerative colitis [51] . Both trials reported similar time to response to cyclosporine (7 and 5.2 days) [51] . The risk of colectomy was similar in both trials between treatment arms [51] . In a placebo-controlled trial with 1-month follow-up, the risk of colectomy in the cyclosporine group was similar to that of placebo (RR ¼ 0.6; 95% CI 0.18-2.06), whereas in the methylprednisolone-controlled trial with 1-year follow-up, the risk of colectomy in cyclosporine was similar to that of methylprednisolone (RR ¼ 1.0; 95% CI 0.24-4.18) [51] . However, it should be pointed out that there is still limited evidence suggesting efficacy of cyclosporine in severe ulcerative colitis because of the small number of RCTs with the trials having a relatively small number of patients [51] .
It was suggested that cyclosporine has a role as a short-term treatment of severe ulcerative colitis serving as a bridge to either treatment with immune modulators or prior to undergoing a colectomy [52, 53] . There is a lack of RCTs evaluating a large number of patients that would elucidate the efficacy of cyclosporine and AZA in avoiding colectomy.
The main adverse events associated with cyclosporine treatment such as hypertension, paresthesias and vomiting were observed in both RCTs [51] . There was no statistical difference between cyclosporine and control arms with respect to the occurrence of any adverse event [51] .
ANTITUMOR NECROSIS FACTOR ALPHA ANTIBODIES

Infliximab
Infliximab was the first anti-TNF-a antibody that was approved by the US Food and Drug Administration for the treatment of moderate-to-severe ulcerative colitis to reduce signs and symptoms, to induce clinical remission and healing of the intestinal mucosa and to eliminate the use of corticosteroids in patients who did not have adequate response or who were intolerant or have medical contraindications to therapy with corticosteroids or immune modulators [54] .
Induction therapy with infliximab consists of three intravenous infusions at the dose of 5 mg/kg over 2 h at week 0, 2 and 6 [55] . Prior to initiation of treatment with infliximab, administration of corticosteroids or AZA/6-mercaptopurine may be considered in order to reduce the formation of antibodies to infliximab (ATIs) [55] . Successful induction therapy is followed by maintenance treatment every 8 weeks [55] . In case of no response to induction therapy with infliximab, further maintenance treatment with infliximab is not recommended [55] .
According to Cochrane meta-analysis of two landmark randomized placebo-controlled Active Ulcerative Colitis Trials (ACT 1 and ACT 2) [56] with a total of 728 patients, treatment with infliximab was three-fold more efficacious than placebo in inducing clinical remission, nearly two-fold more efficacious in inducing clinical response or endoscopic remission at week 8 in patients presenting with moderate-to-severe ulcerative colitis refractory to conventional treatment with corticosteroids and/or immune modulators ( Table 2 ) [57] .
Overall, the ACT 1 and ACT 2 trials observed a comparable proportion of adverse events in both treatment arms [56] . However, the proportion of patients with infections that needed antimicrobial treatment was significantly higher in infliximabtreated patients in ACT 1 (30 vs. 21%, P ¼ 0.001) [56] . However, significantly more patients receiving placebo experienced adverse events causing discontinuation of studied drug (10 vs. 3%, P ¼ 0.01) or serious adverse events (10 vs. 19.5%, P ¼ 0.01) in ACT 2 [56] . Both ACT 1 and ACT 2 showed statistically significantly higher rates of antinuclear antibodies and antibodies to double-stranded DNA in patients treated with infliximab than placebo [56] . ATIs were present in 3-10% of patients treated with infliximab [56] . Acute infusion reactions were observed in 8-12% of all patients [56] . The development of tuberculosis (n ¼ 1) and fatal pulmonary histoplasmosis (n ¼ 1) occurred in infliximab recipients [56] . Prior to initiation of infliximab therapy, patients should be screened for latent tuberculosis with a subcutaneous tuberculin test (ppd).
Data from a recent systematic review of literature indicated that men younger than 35 years treated with combination therapy of infliximab and AZA/6-mercaptopurine are at the risk for developing hepatosplenic T-cell lymphoma [58] . However, the actual risk for this lethal diagnosis is low and has been estimated to occur with an absolute risk of 36 in 1.6 million or 1 : 44 444 patients [59] . It is perceived that the agent that is responsible for the lymphoma is the AZA, as there have been no patients who had HSTCL develop with IBD who had only been treated with anti-TNF therapy. All patients received past or current AZA or 6-mercaptopurine. Nevertheless, combination treatment with AZA and infliximab should be initiated in young men when appropriate. Adalimumab ADA, a fully human monoclonal anti-TNF-a antibody has been recently approved by the US Food and Drug Administration as an induction agent and also as an agent effective for maintenance of clinical remission in adult patients with moderate-to-severe ulcerative colitis who did not demonstrate adequate response to corticosteroids, AZA/6-mercaptopurine [60] (http://www.fda.gov/NewsEvents/Newsroom/ PressAnnouncements/ucm321650.htm. Accessed date Aug 22, 2013) . There is no primary trial that has established efficacy of this agent in treating patients with ulcerative colitis who lost response or were intolerant to infliximab [60] . However, many patients who entered clinical trials evaluating the efficacy of ADA in ulcerative colitis were individuals who lost response or were intolerant to infliximab and were effectively treated with ADA [61,62 & ]. The following treatment regimen with ADA administered subcutaneously is currently recommended. The initial dose of ADA is 160 mg given on day 1 as either four injections of 40 mg each in 1 day or two 40 mg injections per day given over 2 consecutive days [60] . Two weeks later, ADA should be given at the single dose of 80 mg [60] . After another 2 weeks, ADA should be started at the dose of 40 mg every other week [60] . It is recommended to continue ADA only in patients who have demonstrated evidence of clinical remission after 8 weeks from the initial dose [60] . Treatment with 5-ASA, corticosteroids and AZA/6-mercaptopurine may be continued during treatment with ADA [60] .
The efficacy and safety of ADA as induction and maintenance treatment in patients with moderateto-severe ulcerative colitis were determined in two multicenter, double-blind, RCTs named Ulcerative colitis Long-term Remission and maintenance with Adalimumab 1 and 2 (ULTRA 1 and ULTRA 2) [61,62 & ] with open-label extension of ULTRA 1 [63] (Table 2 ).
An analysis of the benefit-to-risk balance of ADA suggested that patients treated with ADA had a statistically significantly two-fold greater likelihood of achieving clinical remission or clinical response at week 8 and week 52 without any serious adverse events or serious infections when compared with placebo [64 & ]. It was also suggested that early response to ADA was predictive of a positive outcome after 1 year of treatment with ADA [64 & ].
Golimumab
Golimumab, a fully human monoclonal anti-TNF-a antibody, has been recently approved by the US Golimumab is initially administered subcutaneously at the dose of 200 mg at week 0 followed by 100 mg at week 2 and after that every 4 weeks [65] .
There has been one randomized placebo-controlled trial [Program of Ulcerative Colitis Research Studies Utilizing an Investigational Treatment-Subcutaneous (PURSUIT-SC)] that assessed induction therapy with subcutaneous golimumab in anti-TNF-a-naïve patients with moderate-to-severe ulcerative colitis (Mayo score 6-12 points with an endoscopic subscore !2 points) not responding to conventional therapy with oral mesalamine, oral corticosteroids, AZA/6-mercaptopurine or unable to taper corticosteroids without recurrence of ulcerative colitis activity [66 & ] ( Table 2 ). The subsequent PURSUIT-M randomized placebo controlled trial assessed the efficacy and safety of golimumab in maintaining clinical response [67 & ] in patients who responded to induction treatment with golimumab in the preceding PURSUIT-SC trial ( Table 2 ) [66 & ]. Golimumab was shown to be more efficacious than placebo in inducing clinical response, remission and mucosal healing and increasing quality of life [66 & ].
CONCLUSION
Treatment of ulcerative colitis is sequential and tailored to the individual patient without the presence of a single universally effective medication ( Figs. 1 and 2) [68] . In mild-to-moderate active extensive ulcerative colitis, therapy with oral 5-ASA medication is recommended and if there is no response, a course of corticosteroids might be required. Patients who respond to corticosteroids should be switched to AZA/6-mercaptopurine with subsequent gradual tapering of corticosteroids. Infliximab, ADA or golimumab might be introduced in patients who do not respond to conventional treatment with corticosteroids and AZA/6-mercaptopurine. Success of therapy of ulcerative colitis depends on optimization of each step of management and considerable clinical judgment about each outcome. 
